In the present study, to explore the beneficial effect of dietary galactoglyc erolipids on the lower digestive tract environment, male BALB/c mice were fed a 5% wheat glycolipid, fiber-free diet, or the standard AIN diet for 3wk. The wheat glycolipid composi tion was digalactosyldiacylglycerol 51.6%, ceramide monohexoside 6.6%, acylated steryl glucoside 3.4%, and other lipids 22.2% (mostly phospholipids). Cecum and colon weights and colonic crypt depth were significantly greater in the glycolipid-diet mice relative to groups fed the other two diets. Furthermore, in the cecum, propionate, butyrate, and total short-chain fatty acids, concentrations were significantly greater in the glycolipid-diet mice than others were, and correlated with the observed increased lower digestive tract (cecum and colon) weights and colonic crypt depth. The cecal lithocholic acid/deoxycholic acid ratio, a risk index for colorectal cancer, was significantly lower in the glycolipid-diet mice than in the other two dietary groups. These results suggest that the dietary supplementa tion of plant-source galactoglycerolipids may contribute to improving the lower digestive tract environment.
Summary
In the present study, to explore the beneficial effect of dietary galactoglyc erolipids on the lower digestive tract environment, male BALB/c mice were fed a 5% wheat glycolipid, fiber-free diet, or the standard AIN diet for 3wk. The wheat glycolipid composi tion was digalactosyldiacylglycerol 51.6%, ceramide monohexoside 6.6%, acylated steryl glucoside 3.4%, and other lipids 22.2% (mostly phospholipids). Cecum and colon weights and colonic crypt depth were significantly greater in the glycolipid-diet mice relative to groups fed the other two diets. Furthermore, in the cecum, propionate, butyrate, and total short-chain fatty acids, concentrations were significantly greater in the glycolipid-diet mice than others were, and correlated with the observed increased lower digestive tract (cecum and colon) weights and colonic crypt depth. The cecal lithocholic acid/deoxycholic acid ratio, a risk index for colorectal cancer, was significantly lower in the glycolipid-diet mice than in the other two dietary groups. These results suggest that the dietary supplementa tion of plant-source galactoglycerolipids may contribute to improving the lower digestive tract environment. Key Words cecum, glycolipids, mice, secondary bile acids, short-chain fatty acids Galactoglycerolipids, particularly digalactosyldiacyl glycerol (DGDG) and monogalactosyldiacylglycerol (MGDG), are major lipid classes in cereals, grains, veg etables, and fruits (1) . The average daily human intake of galactoglycerolipids from plant sources has been esti mated to be 220mg for DGDG and 90mg for MGDG (2) . However, the nutritional importance of these com pounds is unknown.
Previous studies have shown that the pancreas has high galactolipase activity toward galactoglycerolipids (3). However, lymphatic duct-cannulated rats fed fatty acid-radiolabeled DGDG have shown that no intact DGDG appears in the cyyle lipids, but instead a large proportion is recovered in the triacylglycerol fraction of the lymph (4). We recently found that hydrophilic galactosylglycerol structures, derived from DGDG and MGDG, are not absorbed or degraded into galactose and glycerol in the small intestine of rats (5). Thus we were especially interested in the physiological functions of these galactosylglycerol structures in the lower digestive tract environment.
In this study, we examined the effect of dietary wheat glycolipids that contain 51.6% DGDG, and compared it with the effect of an AIN-9 3G diet (6) containing 5 % cellulose and with a fiber-free diet as respective controls. The effects were evaluated on the cecal environment, focusing particularly on short-chain fatty acids (SOFA) and secondary bile acid profiles. differ among the three groups. The liver cholesterol concentration of the glycolipid diet-fed mice was lower than that of the standard AIN diet mice, but not lower than that of the fiber-free diet mice. For the small intestine, no difference in the morpho metric variables was found among the three dietary groups (Table 4) . However, the colonic crypt depth was greater in the glycolipid diet mice and 127% and 124% of that of the standard AIN mice and fiber-free diet mice, respectively.
For the cecal SCFA pool, the glycolipid diet mice re vealed the highest values of propionate, butyrate, and total SCFA in comparison with those of the standard AIN and fiber-free diet mice (Fig. 1) . Especially, the cecal butyrate pool in the glycolipid diet group was three times the other two groups. The cecal acetate pool of the glycolipid fed mice was higher than in the fiber-free diet-fed mice, but not significantly higher than in the standard AIN-fed mice.
For the cecum weight, there were positive correla tions with propionate, butyrate, and total SCFA (Table  5 ). For the colon weight, positive correlations were found with propionate, butyrate, and total SCFA con tents in the cecum. The colonic crypt depth was propor tional to the amount of cecal butyrate.
In the cecal total bile acids, no difference was found among the three dietary groups (Table 6 ). Cecal co prostanol after feeding of the glycolipid diet was more than 40 times the fiber-free diet and standard AIN diet mice. Cecal cholesterol did not differ among the three dietary groups.
The cecal lithocholic acid (LCA) content of the glyco lipid diet mice was lower and half that of the fiber-free diet mice (Fig. 2) . No significant differences were found in cecal deoxycholic acid (DCA) contents among the three groups, The cecal LCA/DCA ratio was lowest in the glycolipid diet mice group, and the ratio was less than half that of the other groups.
DISCUSSION
The present study demonstrated that plant galacto glycerolipid supplementation increases cecal SCFA, es pecially butyrate (Fig. 1 ), and decreases both the level of LCA and the LCA/DCA ratio (Fig. 2) . This may be due to the indigestible galactosylglycerols formation as the deacylation products in small intestine and their fer mentation by the intraluminal microflora, because in gested MGDG and DGDG are rapidly hydrolyzed to their corresponding deacylation products (monogalactosyl glycerol and digalactosylglycerol) in the small intestine (5) .
It is known that dietary indigestible and fermentable carbohydrates facilitate the production of SCFA by bac terial fermentation in the lower digestive tract, Butyrate production is of special interest, and it has been re ported that acarbose (10), guar gum (14) , lactitol (15) , resistant potato starch (16) , and wheat bran (17) can produce more butyrate relative to other carbohydrates. Butyrate has been considered the primary energy source for colonocytes (18) and the enhancer of epithe lial cell proliferation in the intestine (19) . In the present study, the stimulatory effect of butyrate in the cecum and colon is of interest because the increased amounts of butyrate were proportional to the cecum and colon weights and to the colonic crypt depth (Table 5 ). In con trast to normal colonic cells, butyrate has been shown to inhibit growth in colon cancer cells (20) and to en hance apoptosis (21) (22) (23) ). Butyrate appears to be of spe cial interest in colon cancer, since the percentage of bu tyrate in colonic contents of subjects with normal colons was significantly higher than in those with polyps or colon cancer (24). It has also been shown that butyrate production in vivo does bear a significant rela tionship to the suppression of tumor formation in the rodent models for colonic carcinogenesis (17, 25 
